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Description 

DISCLOSURE 

Tha present invention relates to an apparatus 
for the separation of the components or phases of 
a liquid-gas or BqukJ-vapour mixture in rising mo- 
tion which uses the effects of centrifugal force to 
separate said two components or phases having a 
different density. 

Apparatus of the above mentioned kind are 
known and find a specific use in conventional or 
nuclear-powered steam generators for the separa- 
tion of the two-phase mixture steam-water and are 
located in the interior of the generators themselves 
in an environment which is filled, up to a given 
level, with the liquid phase. 

In these apparatuses, such as those according 
to WO-A-81/01110 and EP-AO055413. the separa- 
tion of the phases of a liquid-gas or liquid-vapour 
mixture is effected by centrffugation promoted by a 
suitably shaped stationary blading located in the 
path of the flow of saW mixture. 

As a consequence of said centrffugation a vor- 
tex is created constituted by a nucleus of the 
lighter phase, La the gas, surrounded by a thin 
layer or film of the heavier phase, f.e. the liquid. 
The above mentioned vortex is contained Into a 
separation chamber which is provided with an end 
axial outlet for the fighter phase and either one or 
several radial outlets for the heavy phase. Whereas 
the separated light phase flows through said end 
axial outlet, a chamber concentricai and external 
with respect to said separation chamber collects 
the separated heavy phase, and owing to the effect 
of the force of gravity, conveys It downwards where 
it is discharged through discharge outlets. 

The abovementioned known apparatus have 
the drawback In that they show acceptable perfor- 
mances only within a limited range of operative 
conditions; this In particular with regard to the rate 
of the two phases entering into the separator and 
the Immersion depth of the collection chamber, 
which originates a hydraulic head acting on the 
delivery outlets for the separated DqukJ phase. An 
appreciable dependency of the performance upon 
the Instantaneous fluctuations of the single flow 
rates also exists, caused by the kind of motion of 
the two phase mixture which is set up In the inflow 
conduit upstream of the separator. 

The aim of the present Invention Is to over- 
come the abovementioned Inconveniences, of the 
conventional similar devices or at least to minimise 
said Inconveniences, by providing an apparatus 
wherein both the phases constituting the mixture 
are made to come out at different levels through 
outlets anyhow distributed along the peripheral wall 
of the separation chamber closed at the top elimi- 



nating for the gaseous phase the possibility of a 
direct exit through the top axial opening in said 
chamber adopted up to now in the known separa- 
tors. 

6 Thanks to the aforesaid artifice, the lowermost 
located outlets in the peripheral wall of the separa- 
tion chamber are committed to the disctarge of the 
liquid phase which constitutes the external enve- 
lope of said vortex while those at the top are 

10 committed to the discharge of the gaseous phase. 
However, there Is no net boundary between the 
outlets destined to the discharge of the liquid 
phase and those destined to the discharge of the 
gaseous phase. As a matter of feet the distribution 

18 between the former and the latter is automatically 
established with relationship to the operating con- 
ditions of the apparatus (flow rates of the single 
phases, hydraulic heads on the outflow outlets for 
the Bquid). 

20 The variation of one of the above mentioned 
parameters causes a change of pressure in the 
separation chamber; a negative feedback is set up. 
which for an increase In gas pressure causes an 
increase in the delivery outlets at the disposal of 
» the gaseous phase. This favours, besides the sta- 
bilization of the operation of the apparatus, the 
achievement of higher performance, such as, for 
instance, an appreciable separation capability of 
the phases or components of the mixture within 
so wide fimite. The motion of the two-phase mbcture at 
the inlet of the apparatus is on average a stationary 
one, but generally characterised by oscillation of 
the instantaneous flow rates of the two phases. 
The performance of the apparatus of the lnven- 
36 tton is good in a range of operating conditions 
which Is appreciably wider than that of the known 
similar apparatus. 

Differently from the conventional apparatus, 
wherein the discharge of the phases occurs 
40 through fixed and cfistinct outlets, in the invention 
the quantity of outlets utiHzed for the outflow of the 
separated phases Is variable as a function of the 
operating conditions. 

The geometry adopted for the separation 
46 chamber and the mode of extracting the two 
phases from It according to the present invention 
reduce moreover the possibility of stagnation 
points for the liquid phase which constitute the 
source of possible re-mbdng of the two separated 
so phases because In the separation chamber the 
motion is directed upwards. 

The separated liquid and gaseous phases, out- 
flowing from the separation chamber, arrive Into an 
annular external chamber wWch surrounds coaxially 
55 the separation chamber and which Is provided at 
Its top with an orifice for the discharge to the 
exterior of the gaseous phase, and at the bottom 
with a series of peripheral apertures for the dis- 
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charge of the liquid phase. 

Experimental laboratory tests, performed on 
exemplary prototypes of small and large scale in a 
wide range of experimental situations, have eviden- 
ced a surprisingly high capability of separating (he 
phases or components of the process mixture with- 
in wide Emits. 

The present invention will be better disclosed 
hereinafter from the description of preferred em- 
bodiments, given as a ran limiting example, with 
reference to the attached drawings, wherein: 
figure 1 is an Isometric view, with missing parts* 
of a first embodiment of the apparatus in ques- 
tion; and 

figure 2 Is an Isometric view similar to figure 1 
of a second embodiment of the apparatus in 
question. 

Passing to study figures 1 aid 2 wherein a first 
and second substantially similar embodiment of the 
present invention are shown and In which the same 
components are Indicated with the same reference 
numbers, number 1 Indicates the inlet pipe which 
conveys with a rising motion the two-phase mixture 
to be divided into single phases into the separation 
chamber 2 comprising a tubular body with a closed 
top end having a cylindrical shape in the embed- 
ment of figure 1 and a substantially frusta-conical 
shape In the embodiment of figure 2. 

In the Interior of the bottom portion of the 
separation chamber 2 a vortex generator 3 Is in- 
stalled comprising a suitable fixed blading shaped 
in order to impose on the rising two-phase mixture 
an helcal motion such as to create a field of 
centrifugal force suitable for separating the two 
phases of said mixture having a different density, 
as will be better explained hereinafter. 

Over the vortex generator 3 are machined Into 
the peripheral waU of the separation chamber 2 a 
plurality of outlets 4 uniformly dstributed for the 
outflow at different levels of the separated phases 
of said mixture. 

At the exterior of the separation chamber 2, in 
a spaced and coaxial relationship Is mounted on a 
supporting annular plate 5, integral with the lower 
end of the separation chamber 2, a cylindrical 
tubular wall 8 suitable for constituting a collection 
chamber 7 for each separated phase, to convey 
them to the respective outlet ports constituted, for 
the gaseous phase, by an orifice 8 shaped in a 
central position In the cover 9 of chamber 7, and 
for the liquid phase, by several openings 10 
machined In an equally spaced manner circum- 
ferential ly at the base of wall 8, 

As may be derived from the above and from a 
study of figures 1 and 2, the sole difference exist- 
ing between the first and the second embodiment 
of the apparatus according to the present invention 
consists in the shape of the separation chamber 2, 



which Is cylindrical in the first embedment and 
substantially frusto-corucal in the second embodi- 
ment. 

The reasons which have led to the adoption of 
s the substantially frusto-conical shape of the separa- 
tion chamber 2 of figure 2 are due to the ability to 
contain a greater spcing between the wall of said 
chamber and the external wall 6 in order to allow a 
greater passage area in the annular chamber 7 so 

to as to reduce the outflow velocity of the two phases 
thus limiting both the possibility of entralnment of 
Bquid by the gas or vapour, and the possibility of 
entralnment of gas or vapour by the liquid. 

A film-scaper device may be provided down- 

k stream of said vortex generator to promote the 
outflow of the liquid phase near the discharge 
openings, said device comprising an annular mem- 
ber, peripherally fastened at the exterior of the 
lower end portion of an upper part of the separation 

20 chamber, Integral with a short shell which extends 
downwards in a spaced relationship with respect to 
the upper end portion of a lower part of the separa- 
tion chamber. 

In the operation of the apparatus of the present 

25 Invention, in the embodiments disclosed with refer- 
ence to figures 1 and 2, a two-phase mixture is 
conveyed through the In-flow pfpe 1 to the separa- 
tor in question. In passing through the vortex gen- 
erator 3, the mixture acquires a helical motion and 

so due to the effects of the centrifugal force thus set 
up, the separation of the two phases having a 
different density occurs, with the formation of a 
nucleus constituted by the lighter gaseous phase 
surrounded by a film constituted by the heavier 

as liquid phase. The liquid phase then contacts the 
internal wall of the separation chamber 2 and Is 
gradually expelled into the collection chamber 7 
through the openings 4 located at a lower height 
while the gaseous phase continuing in its rising 

40 motion is also expelled Into the collection chamber 
7 through the openings 4 located at a greater 
height 

In passing through the openings 4 the rota- 
tional motion of the two separated phases is sub- 

45 stantially reduced so that in the collection chamber 
7 the liquid phase flows downwards by gravity 
arriving at the outlet ports 10 which put it Into 
communication with the exterior while the gaseous 
phase flows upwards until coming out through the 

so discharge orifice 8. 

The dimensions of both the orifice 8 and the 
openings 10 should be conveniently selected with 
reference to the operating conditions so that in the 
collection chamber 7 an hydrostatic head sufficient 

55 to prevent the exit of the separated gaseous phase 
through the discharge outlets for the liquid is al- 
ways present. 

The subdivision between the openings 4 of the 
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separation chamber 2 committed to the outflow of 
the liquid phase and those committed to the out- 
flow of the gaseous phase depends, as above 
mentioned, upon the operating conditions (flow rata 
°f the two phases, hydrostatic heads) which also 5 
influence the pressure conditions set up in the 
interior of the separation chamber 2 owing to head 
losses caused by the outflow openings 4. Said 
pressure, by means of its variations, limits the 
variations in the subdivision of the respective open- 70 
ings 4 of the separation chamber 2 committed to 
the outflow of the two phases. 

The possibility of pressure changes in the inte- 
rior of the latter, causes a negative feedback effect 
with a stabilizing action; a wide range of operating 15 
conations results therefrom, in which the perfor- 
mances of the separator are appreciably higher. 

When said film-scraper is present, normally a 
prevailing part of the Squid phase outflows from the 
separation chamber through the passage between 20 
the upper end portion' of the lower part of said 
separation chamber and said shell of me film- 
scraper device, when the Squid film that surrounds 
the gaseous core in said vortex formed in passing 
through the vortex generator impinges in the heilcal 23 
rising motion against the peripheral lower surface 
of said annular member of the film-scraper device. 

The present invention is not limited to the 
disclosed embodiment example, but encompasses 
any change or rrnxJlficairans of the same. $0 

Claims 

1. A rising flow separator for a two-phase liquid- 
gas or Bquld-vapour mixture, comprising: a tu- $$ 
bular chamber tor the separation of the phases 
of said mixture; a vortex generator device lo- 
cated at the Inlet of said separation chamber; a 
collecting chamber externa) and coaxial with 
respect to said separation chamber, said sepa- to 
rotor being characterized In that said separa- 
tion chamber is provided with a top closure 
cover and In that In the drcumferentiaJ wall of 
said separation chamber a plurality of not an- 
nular openings is cBstrlbuted for the outflow at 45 
different levels of the separated phases of said 
mixture and said collection chamber Is pro- 
vided at the top with an orifice for the dis- 
charge of the separated gaseous phase and at 
the bottom with at least one aperture for the so 
discharge of the separated liquid phase, the 
subdivision of said openings committed to the 
outflow of the separated gaseous phase and 
those committed to the outflow of the sepa- 
rated liquid phase being dependent upon the 55 
operating conditions such as the flow rates of 
the single phases and the hydrauBc heads on 
the openings tor the liquid phase. 
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2. A separator according to claim 1, wherelng 
said separation chamber Is constituted by a 
tubular cylindrical body. 

3. A separator according to claim 1, wherein said 
separation chamber is constituted by a frusto- 
conical tubular body. 

4. A separator according to any of the preceding 
claims, wherein said discharge orifice of the 
separated gaseous phase In said collection 
chamber is located at the center of the cover 
of said collection chamber. 

5. A separator according to any of me preceding 
claims, wherein downstream of said vortex 
generator device a film-scraper device Is pro- 
vided to facilitate the outflow of said separated 
liquid phase through an annular opening In 
said separation chamber, in particular near 
said at least one discharge aperture of said 
collection chamber. 

Revendicatfons 

1. Separateur a courants ascendants pour un me- 
lange a deux phases, iiquide-gaz ou Hquide- 
vapeur, comprenant : une chambre tubuialre 
pour la separation dee phases du melange ; un 
dispose generateur de tourblllon sHue* a Pen- 
tee de b chambre de separation ; une cham- 
bre de recuell externa et coaxJato par rapport ft 
la chambre de separation ; le separateur eHant 
caracbirlse* en ce que la chambre de separa- 
tion est equipee cfun couvercle de fermeture 
superieur et en ce que dans la parol drcontt- 
rentfeJIe de la chambre de separation sont 
repartee plusieur* ouvertures non annuialres 
pour Tecoulement ft different* niveaux des 
phases separees du melange et la chambre de 
recueil est dotee sur le dessus d'un orifice 
pour ('evacuation de la phase gazeuse separeo 
et sur le dessous <fau moins une ouverture 
pour revacuatton de la phase Hqulde separee, 
la subdivision des ouvertures affectfe* ft 
recoupment de la phase gazeuse separee et 
celles affectees ft recoulement de la phase 
Rquide separee etant fonction des conditions 
de service teiles que tea debits des differentes 
phases et des differences de pression hydrau- 
lique sur les ouvertures pour la phase itqutde. 

2- Separateur selon la revendication 1, dans le~ 
quel la chambre de separation est constitute 
d'un corps cyllndrfque tubuialre. 

& Separateur selon la revencfication 1, dans le- 
quei la chambre de separation est constitute 
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par un corps tubtiteire tronconfque. 

4. Seperateur seton Tune qudconque des reven- 
dfcations pnkddentes, dans tequel ('orifice 
(Evacuation de la phase gazeuse sdparee s 
dans la chembre de recueil est sftud eu centre 

du couvercle de la chambre de recuelL 

5, Separateur salon I'une queteonque des reven- 
dicafons prdc&Jentes, dans lequel en aval du ro 
disposrtif gtfnerateur de tourWllon II est prevu 

un disposHff rficteur de pefflcule pour faafiter 
recoupment de la phase fiqufde sdparee par 
une ouverture annulare dans la chambre de 
separation, notamment & prodmHi eu mofns 16 
d'une ouverture cTevacuation de fa chambre de 
recusil. 

Patentansprtiche 

20 

1. Aufctromabschelder far elne Zweiphasen- 
ROesigkert/Gas- oder ROssigkeHs/Dampf-rVB- 
schung, mrb 



3. Abscheider nach Anspruch 1, wobel die At>- 
scheidekammer aus einem kegelstumpffSrmi- 
gen RohrkSrper gebUdet 1st 

4> Abscheider nach einem dec vorhergehenden 
AnsprUche, wobel die AusstrflmBffhung der 
abgeschledenen Qasphase in der Sammelkam- 
mer In der Mffie der Kappa der 8amme0cam- 
mer angeordnet 1st 

& Abscheider nach etnem der vorhergehenden 
AnsprOche, wobei stromabwSrts der Wirbelge- 
neratoreinrichtung elne FoBenabstreifefrirfch- 
tung vorgesehen Est, um das Ausstrflmen der 
abgeschledenen ROssigphase durch ein kreis- 
formlges Loch in der Abscheldekammer, im 
besonderen nahe der zumlndest ebien Aus- 
strSmaussparung der Sammelkammer zu er- 
leichtem. 



einer rohifdrmlgen Kammer zum Abschekten 25 
der Phasen der Mlschung; 



elner Wln^eneratorvornVdTtung, die am Bn- 
lafl der Abscheldekammer angeordnet ist 

elner Sammelkammer, die auflerhalb und koa- 
xial bezttglich der Abschektekammer befindtich 
1st 



wobel der Abscheider dadurch gekennzeich- 55 
net tet, dafl die Abschektekammer mit elner 
oberen Abdeckkappe versehen 1st und ctefl In 
der Umfangswandung der Abscheidekammer 
elne Mehrzahl von nicht kreisffirmlgen LBchem 
verteilt 1st zum Ausstrfimen der abgeschiede- 40 
nen Phasen der Mlschung in unterechledllchen 
Stufen und daB die Sammelkammer am obe- 
ren Ende mit einer Offnung zum Ausstrdmen 
der abgeschledenen Qasphase und am Bod en 
mit zumlndest einer Aussparung zum AusstrO- 45 
men der abgeschledenen ROssigphase verse- 
hen 1st. wobel die Unterteilung der LBcher, die 
auf das AusstrSmen der abgeschledenen 
Qasphase und die auf das AusstrSmen der 
abgeschledenen ROssigphase festgelegt sind. go 
von den Betrtebsbedingungen, wie den Str5- 
mungsgeschwfndigkeHen der Bnfachphasen 
und den DruckhShen auf die LBcher fQr die 
ROssigphase abhSngt 

65 

Z Abscheider nach Anspruch 1. wobei die Ab- 
scheidekammer aus einem rohrffinmtgen Zylfn- 
derkOrper gebiidet 1st 
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© A rising flow separator toratwo^rf^ 

© An apparatus ia disclosed for performing the separation 
of components or phases of a UquW-Qes or Uquld-vipour 
mixture by centrifugation of the mixture obtained foOowing 
the passage of the rising flow of the mixture Itself through a 
stationery blading (3) located at the bottom of a separation 
chamber (2) comprising a tubular body dose^ at the top* In 
the peripheral wsfl of which a plurality of holes (4) tor the 
delivery at different levels of each compound or phase which 
has been separated are arranged. 



FIG.1 



Cwwdon Wwins CwTfay Ud. 
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dell'Energla Nucleare e delle Energie Alternative 

" A rising flow separator for a two-phase I1quid-gas or 
liquid-vapour mixture / 1 

DISCLOSURE 

The present Invention relates to an apparatus for the 
separation of the components or phases of a Hquid-gas or 
liquid-vapour mixture in rising motion which uses the 
5 effects of centrifugal force to separate said two compo- 
nents or phases having a different density. 

Apparatus of the above mentioned kind are known and 
find a specific use in conventional or nuclear-powered 
steam generators for the separation of the two-phase 

10 mixture steam-water and are located in the interior of 
the generators themselves in an environment which is 
filled, up to a given level, with the liquid phase. 

In such apparatus the separation of the phases of a 
Hquid-gas of liquid-vapour mixture is effected by centri- 

15 fugatlon promoted by a suitably shaped stationary blading 
located 1n the path of the rising flow of said mixture. 
As a consequence of said centrifugation a vortex 1s 
created constituted by a nucleus of the lighter phase, 
I.e. the gas, surrounded by a thin layer or film of the 

20 heavier phase, I.e. the liquid. The above mentioned 
vortex is contained Into a separation chamber which is 
generally provided with a top axial outlet for the lighter 
phase and either one or several radial outlets for the 
heavy phase. Whereas the separated light phase flows 

25 through said top axial outlet, a chamber. concentrical 
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and external with respect to said separation chamber 
collects the separated heavy phase, and owing to the 
effect of the force of gravity, conveys it downwards 
where it 1s discharged through discharge outlets. 
5 The abovementloned known apparatus have the drawback 
1n that they show acceptable performances only within a 
limited range of operative conditions; this 1n particular 
with regard to the rate of the two phases entering Into 
the separator and the Immersion depth of the. collection 
10 chamber, which originates a hydraulic head acting on 
the delivery outlets for the separated liquid phase. 
An appreciable dependency of the performance upon the 
Instantaneous fluctuations of the single flow rates also 
exists, caused by the kind of motion of the two phase 
15 mixture which 1s set up 1n the inflow conduit upstream 
of the separator. 

The aim of the present Invention 1s to overcome the 
abovementloned inconveniences, of the conventional 
similar devices or at least to minimise said Inconveni-. 
20 ences, by providing an apparatus wherein both the phases 
constituting the mixture are made to come out at different 
levels through outlets anyhow distributed along the peri- 
pheral wall of the separation chamber closed at the top 
eliminating for the gaseous phase the possibility of a 
25 direct exit through the top axial opening in said chamber 
adopted up to now in the known separators. 

Thanks to the aforesaid artifice, the lowermost located 
outlets In the peripheral wall of the separation chamber 
are committed to the discharge of the liquid phase which 
30 constitutes the external envelope of said vortex while 
those at the top are committed to the discharge of the 
gaseous phase. 
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However, there 1s no net boundary between the outlets 
destined to the discharge of the liquid phase and those 
destined to the discharge of the gaseous phase. As a 
matter of fact the distribution between the former and 

5 the latter Is automatically established with relationship 
to the operating conditions of the apparatus (flow rates 
of the single phases, hydraulic heads on the outflow out- 
lets for the liquid). 

The variation of one of the above mentioned parameters 

0 causes a change of pressure In the separation chamber; a 
negative feedback Is set up, which for an Increase in gas 
pressure causes an Increase In the delivery outlets at 
the disposal of the gaseous phase. This favours, besides 
the stabilization of the operation of the apparatus, the 

5 achievement of higher performance, such as, for Instance, 
an appreciable separation capability of the phases or 
components of the mixture within wide limits. The motion 
of the two-phase mixture at the inlet of the apparatus- 1s 
on average a stationary one, but generally characterised 

0 by oscillation of the Instantaneous flow rates of the two 
phases. 

The performance of the apparatus of the invention is 
good In a range of operating conditions which 1s apprecia- 
bly wider than that of the known similar apparatus. 

5 Differently from the conventional apparatus, wherein 
the discharge of the phases occurs through fixed and 
distinct outlets, In the Invention the quantity of outlets 
utilized for the outflow of the separated phases 1s vari- 
able as a function of the operating conditions. 

0 The geometry adopted for the separation chamber and 
the mode of extracting the two phases from 1t according 
to the present Invention reduce moreover the possibility 
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of stagnation points for the liquid phase which constitute 
the source of possible re-mixing of the two separated 
phases because in the separation chamber the motion is 
directed upwards. 
5 The separated liquid and gaseous phases, outflowing 
from the separation chamber* arrive Into an annular exter- 
nal chamber which surrounds coaxial ly the separation cham- 
ber and which is provided at its top with an orifice for 
the discharge to the exterior of the gaseous phase* and at 
10 the bottom with a series of peripheral apertures for the 
discharge of the liquid phase. 

Experimental laboratory tests » performed on exemplary 
prototypes of small and large scale 1n a wide range of 
experimental situations, have evidenced a surprisingly 
15 high capability of separating the phases or components 
of the process mixture within wide limits. 

The present Invention will be better disclosed 
hereinafter from the description of preferred embodiments, 
given as a non limiting example, with reference to the 
20 attached drawings, wherein: 

figure 1 is an isometric view, with missing parts, 
. of a first embodiment of the apparatus in question; 

figure 2 is an Isometric view similar to figure 1 of 
a second embodiment of the apparatus 1n question; and 
25 figures 3a) and b) are sectional views and elevation 
views, repectively, of a third embodiment of the appara- 
tus in question. 

Passing to study figures 1 and 2 wherein a first and 
a second substantially similar embodiment of the present 
30 invention are shown and in which the same components are 
indicated with the same reference numbers, number 1 indi- 
cates the inlet pipe which conveys with a rising motion 
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the two-phase mixture to be divided Into single phases 
Into the separation chamber 2 comprising a tubular body 
with a closed top end having a cylindrical shape 1n the 
embodiment of figure 1 and a substantially frusto-conlcal 
5 shape In the embodiment of figure 2. 

In the interior of the bottom portion of the separa- 
tion chamber 2 a vortex generator 3 Is Installed compri- 
sing a suitable fixed blading shaped In order to impose 
on the rising two-phase mixture an helical motion such 
.10 as to create a field of centrifugal force suitable for 
separating the two phases of said mixture having a dif- 
ferent density, as will be better explained hereinafter. 

Over the vortex generator 3 are machined into the 
peripheral wall of the separation chamber 2 a plurality 

15 of outlets 4 uniformly distributed for the outflow at 

different levels of the separated phases of said mixture. 

At the exterior of the separation chamber 2, In a 
spaced and coaxial relationship is mounted on a support- 
ing annular plate 5. Integral with the lower end of the 

20 separation chamber 2, a cylindrical tubular wall 6 suit- 
able for constituting a collection chamber 7 for each 
separated phase, to convey them to the- respective outlet 
ports constituted, for the gaseous phase, by an orifice 8 
shaped in a central position in the cover 9 of chamber 7, 

25 and for the liquid phase, by several openings 10 machined 
1n an equally spaced manner circumferentlally at the 
base of wall 6. 

As may be derived from the above and from a study 
of figures 1 and 2, the sole difference existing between 

30 the first and the second embodiment of the apparatus 

according to the present invention consists in the shape 
of the separation chamber 2, which is cylindrical in the 
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first embodiment and substantially frus to-conical in the 
second embodiment. 

The reasons which have led to the adoption of the sub- 
stantially frus to-conical shape of the separation chamber 
5 2 of figure 2 are due to the ability to obtain a great- 
er spacing between the wall of said chamber and the ex- 
ternal wall 6 1n order to allow a greater passage area in 
the annular chamber 7 so as to reduce the outflow velocity 
of the two phases thus limiting both the possibility of 

10 entrainment of liquid by the gas or vapour, and the pos- 
sibility of entrainment of gas or vapour by the liquid. 

With reference now to figures 3a) and b) wherein a 
third embodiment of the apparatus of the present inven- 
tion 1s shown, and wherein the same elements already 

15 described with reference to the previous embodiments are 
Indicated with the same reference numbers shown in figures 
1 and 2 and without a further disclosure, one may see that 
the separation chamber comprises a lower part 11 consti- 
tuted by a cylindrical tubular body wherein the vortex 

20 generator 3 1s located, and a distinct and separated upper 
part 12 constituted by a frusto-conical tubular body on 
the peripheral wall of which are machined a plurality of 
outflow ports 4 for the separated phases of the mixture 
being processed, said upper part 12 being surrounded In 

25 a spaced and coaxial relationship by the cylindrical 

tubular wall 6 mounted on the annular supporting plate 5 
to create, as abovementloned, a collection chamber 7 for 
the separated phases of the mixture and to convey them 
to the respective discharge outlets constituted, as in 

30 the previous instances, by an orifice 8 in the cover 9 of 
of the chamber 7 and by several peripheral openings 10 at 
the bottom of the wall 6. 
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In the present embodiment the upper part 12 of the 
separation chamber is provided circuraferentially and at 
the top with a number of ports 13 having dimensions sub- 
stantially greater than those of the openings 4 1n order 

5 to promote the outflow of the gaseous phase near the dis- 
charge orifice 8 while at its lower end a film-scraper 
device, generally shown as 14, Is provided to promote 
the outflow of the liquid phase near the discharge open- 
ings 10, said device comprising an annular member 15, 

0 peripherally fastened at the exterior of the lower end 
portion of the upper part 12 of the separation chamber. 
Integral with a short shell 16 which extends downwards. 

For the assembly of the two separate parts of the 
separation chamber, the top terminal portion of the lower 

5 part 11 1s fastened to the central opening of the annular 
plate 5 so as to protrude for a short distance above the 
latter In a spaced relationship with respect to the film- 
scraper device 14 while the upper part 12 Is fastened to 
the lower part 11 by means of an adequate number of 

0 welding spots which unite the portion of the latter that 
protrudes under plate 5 to shell 16 of the film-scraper 
device 14. 

In the operation of the apparatus of* the present in- 
vention, 1n the embodiments disclosed with reference to 

5 figures 1 and 2, a two-phase mixture Is conveued through 
the in-flow pipe 1 to the separator 1n question. In 
passing through the vortex generator 3, the mixture 
acquires a helical motion and due to the effects of the 
centrifugal force field thus set up, the separation of the 

» two phases having a different density occurs, with the 
formation of a nucleus constituted by the lighter gaseous 
phase surrounded by a film constituted by the heavier 
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liquid phase. The liquid phase then contacts the internal 
wall of the separation chamber 2 and is gradually expel- 
led into the collection chamber 7 through the openings 4 
located at a lower height while the gaseous phase conttn- 
S ulng in its rising notion Is also expelled Into the col- 
lection chamber 7 through the openings 4 located at a 
greater height. 

In passing through the openings 4 the rotational motion 
of the two separated phases is substantially-reduced so 
10 that In the collection chamber 7 the liquid phase flows 
downwards by gravity arriving at the outlet ports 10 
which put it Into communication with the exterior while 
the gaseous phase flows upwards until coming out through 
the discharge orifice 8. 
15 The dimensions of both the orifice 8 and the openings 
10 should be conveniently selected with reference to the 
operating conditions so that In the collection chamber 
7 an hydrostatic head sufficient to prevent the exit of 
the separated gaseous phase through the discharge outlets 
20 for the liquid Is always present. 

The subdivision between the openings 4 of the separa- 
tion chamber 2 committed to the outflow of the liquid 
Phase and those committed to the outflow of the gaseous 
phase depends* as abovementloned, upon the operating 
25 conditions (flow rate of the two phases, hydrostatic 
heads) which also Influence the pressure conditions set 
up In the Interior of the separation chamber 2 owing to 
head losses caused by the outflow openings 4. Said 
pressure, by means of Its variations, limits the varla- 
30 tions in the subdivision of the respective openings 4 of 
the separation chamber 2 committed to the outflow of the 
two phases. 
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The possibility of pressure changes in the interior 
of the latter, causes a negative feedback effect with a 
stabilizing action; a wide range of operating conditions 
results therefrom, in which the performances of the 
5 separator are appreciably higher. 

Insofar as the operation of the apparatus according to 
the invention In the embodiment described with reference 
to figure 3 Is concerned, it should be remarked that it 
Is performed substantially in the manner previously dis- 

10 closed with the exception that: normally a prevailing 
part of the liquid phase outflows from the separation 
chamber through the passage between the upper end part 
of the lower part 11 of said separation chamber and the 
shell 16 of the film-scraper device 14, when the liquid 

15 film that surrounds the gaseous core in said vortex 

formed in passing through the vortex generator 3 impinges 
in the helical rising motion against the peripheral lower 
surface of the annular member 15 of said device; the 
gaseous phase is discharged from the upper part 12 of the 

20 separation chamber Into the collection chamber mainly at 
the top through the openings 13 near the orifice 8 for 
the outflow to the exterior. 

These arrangements allow the limiting of the speed 
within the interior of the separation chamber and the 

25 collection chamber even with reduced radial dimensions. 

The present invention is not limited to the disclosed 
embodiment example, but encompasses any change or modifi- 
cations of the same. 
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CLAIMS 

1. A rising flow separator for a two-phase liquid-gas 
or liquid-vapour mixture, comprising: a tubular chamber 
for the separation of the phases of said mixture; a 

5 vortex generator device located 1n correspondence with 
the inlet of said separation chamber; a col lectlng- chamber 
external and coaxial with respect to said separation 
chamber; said separator being characterized in that said 
separation chamber is provided with a top closure cover 

0 and In that in the peripheral wall of said separation 
chamber a plurality of openings is provided for the out- 
flow at different levels of the separated phases of said 
mixture and that said collection chamber is provided at 
the top with an orifice for the discharge of the separa- 

5 ted gaseous phase and at the bottom with at least one 
aperture for the discharge of the separated liquid phase, 
the subdivision of said openings committed to the outflow 
of the separated gaseous phase and those committed to 
the separated liquid phase being dependent upon the 

0 operating conditions which also affect the pressure In 
the Interior of said separation chamber so as- to produce 

a counterpressure apt to allow the damping of the fluctua- 
tions of said two phases. 

2. A separator according to claim 1, wherein said 

5 separation chamber Is constituted by a tubular cylindri- 
cal body with the top end closed. 

3. A separator according to claim 1, wherein said 
separation chamber 1s constituted by a frusto-conlcal 
tubular body with the top end closed. 

1 4. A separator according to claims 1 to 3 wherein said 
vortex generator device 1s constituted by a fixed blading. 

A separator according to any of the preceding claims 
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wherein said discharge orifice of the gaseous phase 
separated in said collection chamber is obtained at the 
center of the cover wall of said collection chamber, 

6. A separator according to any of the preceding claims 
5 wherein at the bottom of said collection chamber a number 

of openings are provided, being peripherally arranged for 
the discharge of said separated liquid phase. 

7. A separator according to any of the preceding claims 
wherein said separation chamber 1s provided at its top 

10 with a series of peripherally arranged openings to facili- 
tate the outflow of said separated gaseous phase, in par- 
ticular near said discharge orifice 1n said collection 
chamber. 

8. A separator according to any of the preceding claims 
15 wherein downstream of said vortex generator device a film- 
scraper device is provided to facilitate the outflow of 
said separated liquid phase through an annular opening 

in said separation chamber, in particular near at least 
one of the discharge openings in said collection chamber. 
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